The Price Statistics of the Federal Goverment by Philip J. McCarthy
This PDF is a selection from an out-of-print volume from the National
Bureau of Economic Research
Volume Title: The Price Statistics of the Federal Goverment





Chapter Title: Staff Papers  4. Sampling Considerations in the Construction
of Price Indexes with Particular Reference to the United States Consumer
Price Index
Chapter Author: Philip J. McCarthy
Chapter URL: http://www.nber.org/chapters/c6493
Chapter pages in book: (p. 197 - 232)STAFF PAPER 4
SAMPLINGCONSIDERATIONS IN THE CONSTRUCTION
OF PRICE INDEXES WITH PARTICULAR REFERENCE
TO THE UNITED STATES CONSUMER PRICE INDEX
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I. INTRODUCTION
Theoretical discussions of price indexes have been concerned pri-
marily with an economic approach to problems arising out of such
questions as:
1. Is it a price index or a cost-of-living index that is needed?
2. How should a price index or a cost-of-living index be con-
structed?(Indifference approach, Laspeyres, Paasche,
etc., and the relations between these various forms.)
3. How does one choose a base period and a period in which
weights are determined?
4. What methods are to be used in dealing with quality changes,
with the disappearance ofitems and the appearance of new
items, and with related problems?
5. How does one aggregate over consumers, over cities, over
States, and so on?
The problems suggested by these qiiestions exist whether one is deal-
ing with "samples" or with complete sets of data, and an excellent
summary of the literature on many of these problems has been given
by von Hofsten (1, Chap. 13) •1
Leavingaside for the moment the problems of sampling, most index
numbers start from some fixed formula.That is, given a single con-
sumer and the complete universe of prices and quantities, some basic
way of computing the index is chosen.For example,
1?(1)
________
is the Laspeyres formula which serves as a model for practically all
of the currently computed price indexes.In this formularepre-
sents the quantity of commodity iconsumedin the base period, desig-
nated as.time zero,represents the price per unit of this commodity
at time zero, and representsthe price of the same commodity at
time one.Thus the Laspeyres index for time one with time
zero as base.Presumably the principal reason for choosing the Las-
peyres form is that it uses base quantity weights (which are all that
are usually available), and can therefore be easily explained as the
relative cost of a fixed market basket of goods and services (see Jaffe,
p.7). Even after deciding that a price index, as opposed to a cost-
Italic numbers In parentheses refer to bibliography at end of paper.
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of-living index, is needed and that a fixed formula such as Laspeyres
can be taken as a starting point, the theoretical and practical problems
mentioned underpoints(3), (4), and (5) above still remain.Com-
ments on some of these problems as they influence sampling consider-
ations will be made later in this report.
Because many individuals seem to. a cost-of-living index
rather than a price index, and because it does not appear possible
to translate the indifference curve approach into a form that has
practical applications, there have been attempts to develop formal
statistical and economic models that will provide cost-of-living in-
dexes. Thus Stone (3)describesa linear expenditure system for con-
sumers, and gives references to papers that show how this system
can lead to a cost-of-living index; Brady and Hurwitz (4)refer
to additive or multiplicative models that have been used to explore
the international comparisons of food costs; and Neiswanger (5)
recommendsthe use of varying weights in the Laspeyres formula,
the weights being determined from current prices and the estimated
direct and cross elasticities between commodities included in the
index.In these situations, one would be using data (even for the
entire universe of consumers and of prices and quantities) to esti-
mate parameters of a model rather than for direct substitution into
a formula. Model considerations would then provide the index.
No matter how one chooses to resolve the questions and problems
that have thus far been mentioned, the actual construction of a price
index will always be based upon samples of data rather tha.n upon
data derived from complete enumerations of the pertinent universe.
The quality of the index will, therefore, depend to some extent upon
how these samples are obtained. This fact has long been recognized,
but the sampling aspects of index number construction have never
been accorded the attention that has been devoted to their economic
aspects. The purpose of this report is to present some comments and
observations concerning the sampling problems that arise in the
computation of the more or less traditional Laspeyres-oriented in-
with special reference to the States Consumer Price
Index.
II. A BRIEF DESCRIPTION OF WHERE SAMPLING ENTERS THE
CONSUMER PRICE INDEX
are clearly many points at which sampling is used in the
determination of a value of the Consumer Price Index.These are:
A. DETERMINATION OF THE ITEM WEIGHTS (CONSUMER EXPENDITURE
SURVEYS)
1. Selection of points or intervals in t1me at which consumer ex--
penditure surveys will be made.
2. Selection of a- sample of cities in the United States.
3. Selection of a sample of consuming units in the selected cities.
B. SELECTION OF TIlE SAMPLE OF CITIES FOR THE INDEX
1. This sample is customarily selected from among the cities used
in the Consumer Expenditure Surveys, although other index designs
would be possible.Thus one could impute weights to cities not
originally included in the consumer expenditure survey.PRICE STATISTICS
2.In making up a national index, the individual city results aro
evidently averaged with weights proportional to both the city wage-
earner and ckrical-worker population that each city represents and
to the value of the city market basket in the base period.
C. SELECTION OP A SAMPLE OF ITEMS OF EXPENDITURE TIIAT IS TO BE
PRICED IN COMPUTING THE INDEX
1. The items of expenditure are divided into major groups (food,
housing, apparel, etc.), then into subgroups, sub-subgroups7 etc.
2. Ultimately the subdivision process leads to a group of items that
are "somewhat similar."One or more specific items are selected to
represent this subdivision.
3. Finally, one. or more "specified-in-detail" items are chosen to
represent the specific items and also represent the "somewhat similar"
group of items.
D. DETERMINATION OF THE POINTS IN TIME AT WHICH PRICE QUOTATIONS
FOR THE ITEMSARE TOBE OBTAINED
1. The index is published monthly.Thus one or more pOints in
time during the month must be chosen for pricing.
2. Some items in some cities are not priced each month, and so a
scheme for sampling months, etc., is intçgrated into the prOgram.
E. SELECTION OP A SAMPLE OF PRICE REPORTERS FROM WHOM PRICE QUO-
TATIONS ARE
1. The sampling problem here varies with the item..Thus sam-
ples of families are used for rent reports, samples of stores for food
reports, etc.
It will not be possible in this brief report to examine each of these
components in the overall sampling design of the Consumer Price
Index, or even to list the other possible sOurces of random variation
that may to some extent influence a reported value of the index (e.g.,
variability among enumerators, randoth errors in the of
prices, and the like).Rather, attention will be focused primarily on
the sampling of items of expenditure, since this is an area in which
there appears to have been a great deal of controversy, and on the
problem of measuring the total sampling error of the Consumer Price
Index.It should be noted that a detailed description of the meth-
odology of the 1950 Survey of Consumer Expenditures has been pro-
vided by Lamale (6).
III. THE COMPUTATION OF THE CONSUMER PRICE INDEX
Once the individual price quotations have been obtained for the
"specified-in-detail" items, the next problem is that of combining
these into the various desired indexes. At this point we shall only
be concerned with the computational details of this combination
process.The relationship of this computational procedure to the
design used in selecting a sample of index cities will be disci'ssed in
Section VI.
Suppose we have cindexcities.Let the population (city wage-
earner and clerical-worker population) weight assigned to the i-th
city bei=2, ..., c,where =1.Within the i-th city, let the
base weight assigned to a specific item, but not a "specified-in-detail"200 PRICE STATISTICS
item,, be ...,wherei represents the city, the superscript (0)
represents the base time period, and the subscripts 5,k,Z, in, etc.,
represent successively finer classifications or subdivisions of the items.
Thus 5representsmajor expenditure groups (food, housing, apparel,
etc.), k represents a subgroup within a major expenditure group,
and so on until the individual items are reached. Thus a man's nylon
business shirt might be a specific item, although it would not yet 'be a
"specified-in-detail" item for which prices would be obtained. The
number of subgroup classifications depends upon 5.Thequantities
•.. arerelative weights so ... 1for each
Theseweights for specific items are essentially relative expenditure
weights.That is, they can be viewed as the average proportion of
total expenditures, for consumer survey families in a
city, that was spent on these specific items in the base period.(Ac-
tually, it is very tlifficult to determine the exact steps that were fol-
lowed in arriving at the weights since published accountse.g., BLS
Bulletin 1168 (8, p. 3)—are not very explicit on the details of the
procedure.)Once weights have been determined for specific items,
weights for the various classes of the subdivision process are obtained
by summing these item weights.Thus we have
Forthe present purposes, let us assume that representsthe
weight for a specified item or for a "price family" of related items.
Therecan be more or fewer subscripts for a given 5.,butassuming
an equal number of subgroups for each major group makes notation
easier and the general argument goes through no matter what the
number of subscripts.Then a single specified-in-detail item is se-
lected out of the jkl-th subdivision.Denote this sampled item by
For item jiciw, in city i, at time t, a number of price quotations are
obtained by sampling households, food stores, etc.Call these price
quotations . .. .Bysome appropriate averaging
process, we end up with an average price Thenthe price rela-




Not only does this procedure give a price relative for item 5klø, but it
also gives an index for the. jkl-th subgroup since itemwas selected






wherethe summation is taken over all specified-in-detail items con-
tained in the subgroup.Note that this is essentially of
Laspeyres form, since, approximately,GOVERNMENT PRICESTATISTICS 201
Actually,the expenditure surveys do not obtain individual quantities
for specified-in-detail items.Rather quantities are determined for
specific items, and these are into the fraction of an average
family's expenditures that goes for each of these specific items.Of
course, base period prices must be obtained for the specified-in-detail
items that go into the index.
If one now wishes to make up a city index for the jk—th subgroup,
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Note that no divisor is required for the all-item index since the
sumto one when all major groups, subgroups, etc., are con-
sidered.











The quantities whichalso sum to one when ail major
groups, subgroups, etc., are considered, are what ,are ordinarily re-
ferred to as "current value" or "current importance" weights. They
are, of course, only approximations to value weights because of the
previously noted restrictions- on and because a single item,
here denoted byis used to represent all items in the class jkZ.
They can also be expressed in terms of current relatives and the cur-
rent value weights for the preceding time period.
The foregoing would appear to be a faithful representation of
the computation of Consumer Price Indexes at the city level. An
alternative computational procedure that uses "hypothetical" base
quantities is sometimes described in the literature (e.g., 7). That is,
consumer, expenditure survey data would be used to determine an
average dollar expenditure for items in group jkl.Call this value
If the average price of item 2kla,at time zerois,as
before, thena hypothetical base quantity can be obtained202 STATISTICS




Thenwe would have, for example,




wherethe hypothetical quantities now appear explicitly.This ex-
pression can also be written in terms of price relatives and the index
for the preceding time period.
The icnai in the computation of the Consumer Price Index
is that of describing how the city price relatives and city indexes are
combined into United States indexes.Here the published accounts
of the Bureau leave much to be desired.The most detailed published
account appears in BLS Bulletin 1168(8) and consists of the following
sentences:
Weighting of price relatives to calculate the average price
change for groups of goods and services and for all items
combined is carried out for each city separately.In com-
bining the cities into the United States all city index, each
city is given an importance or weight proportionate to the
wage-earner and clerical-worker it represents in
the index....Theimportance of cities in the index is now
based on the Census figures for 1950.As new Census popu-
lation figures become available, the Bureau will udjust the
city weights accordingly.
In the actual calculation of the index, population and ex-
penditure weights are combined, so that index value weights
are the product of three factors—base year quantities, popu-
lation, and current prices.Aggregates for the United States
index can therefore be calculated by a simple summation of
value weights for the individual cities.
There would appear to be many possible interpretations of this
quotation, but the general descriptive material given by Mudgett (7)
and a passing comment (in 9, p. 129) would suggest that the follow-
ing procedure is used for obtaining the United States all-item index.
Using the hypothetical quantity form for we define
Thinkingof theas actual population figures, we see that this is es-
sentially the value of the contents of all consumers' market baskets
(the contents of the basket differ from city to city) at time t relativePRICE STATISTICS 203
tothe value at time zero.This expression can be rewritten to show
its relation to the individual city indexes in the following manner:
g
(t)
— TAT' —"1 — (0)
where
UT — (0)— (0)
J,k,Z
I
Thusa city index is weighted in proportion to the population it repre-
sents and to the value of the city market basket in the base period.
It is assumed that the W'1 are what are referred to as "relative cost-
population weights Dec. 1952" in Table 1 of BLS Bulletin 1168 (8).
This behavior of a Laspeyres index, where the aggregation is over
individual consumers rather than over cities, has been noted by von
Hofsten (1,p.123).
The foregoing expression for the all-item United States Consumer
Price Index can also be written in terms of average U.S. prices and
quantities if we define
and
/TA1 (0)\







/ — flY' (0)IPJkzz
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Wis as previously defined. The quantity isthe
relative importance of item in the national all-item index.Thus
this national relative importance figure is merely a weighted average
of the city relative importance figures, where the city weights are
proportional to the city population and to the value, of the city mar-
ket basket in the base period.204 PRICE
Itshould be observed that this last form of the national (JPI, in
terms of average U.S. prices and quantities, is essentially the form
used by the Agricultural Marketing Service in computing the Index
of Prices Paid by Farmers (10 and 11). However, the dif-
ferences between the CPI and the Living Component of this mdex
might be noted for present. purposes:
1. The 1956 Farm Expenditure Survey, on which the weighting pat-
tern of the 1959 revision of the index was based, covered a national
sample of farmers located in 306 primary sampling units (counties
or pseudo-counties) and the results were expanded to U.S. totals on
a basis representing all farms.Similarly, the AMS obtains price
reports widely throughout the United States.Thus the BLS em-
phasis on a relatively small sample of cities, for many of which a
city index is actually published, does not have its counterpart in the
Index of Prices Paid by Farmers.
2. In obtaining an average U.S. price, an average price
for a commodity is computed for each State (10, p. 36) and a weighted
average of the state values then gives the national average. Appar-
ently the state average prices are weighted by estimates of current
purchases. This is. at variance with the practice already described for
the CPI where city average prices are essentially weighted by esti-
mates of baBe year quantities.
3. The AMS does not price a "specified-in-detail" iteni but prices
a specified item.Furthermore, reporters are requested to report
prices for the item commonly bought by farmers,. that is, "the volume
sellers."This practice follows from the desire of the AMS to obtain
estimates of the prices that would be secured if the total amount of
money spent by all farmers in the United States for the commodity
under discussion as of the 15th of a. given month were to be divided
by the number of items bought.
In concluding this discussion of the computation of the national
CPI we observe that an alternative way of combining city indexes
would be touse weightsinstead of W'4. That is, the price chance
occasioned by a of individuals would be weighted only in
proportion to their number, and not additionally in proportion to
their expenditures in the base year.This is essentially a problem in
aggregation, as has been observed by von (1, p. 125), and is
in some respects related to the work of H. Theil on "Linear
Aggregation of Economic Relatioiis."This in turn carries us back
to the comments and references made in the first section of this report
to formal statistical and economic models.
The foregoing account of the mechanical details of computing the
Consumer Price Index represents a synthesis of bits and pieces of
information culled from a wide variety of sources.I would like to
suggest that it is the responsibility of the Bureau of Labor Statistics
to publish technical materials that will describe in precise detail at
least the major outlines of the actual procedures used by the Bureau.
One has only to examiTle descriptions given in statistics textbooks of
the city weighting procedure of the CPI in order to appreciate the need
for such descriptions.Similar comments could undoubtedly be made
about the Index of Wholesale Prices and the Indexes of Prices Paid
and Received by Farmers.
It should be apparent from the discussion of this section that the
procedures used by the Bureau of Labor Statistics lead not only to anPRICESTATISTICS 205
all-itemUnited States Consumer Price Index but also to a wide
variety of subindexes (e.g., U.S. indexes for subgroups of items such
as food, dairy products, housing, and the like; city all-item indexes;
and in some instances city indexes for subgroups of items.).The
remainder of this report will be devoted almost entirely to sampling
problems as they relate to the all-item U.S. index, although many of
the ideas and comments could be applied in a somewhat changed
form to the subindexes. An extensive discussion of sampling for the
food-at-home portion of the index, with particular reference to city
indexes, has recently been published by Kruskal and Telser (13).
IV.ViEws ON SAMPLING VAEIAI3IIJTYANDPRICE INDEXES
Itis clear from the foregoing discussion, as well as from publica-
tions of the BLS (e.g., 8),thatthe data used in computing a value of
the CPI are derived almost entirely from samples—samples of con-
surner families, samples of cities, samples of commodities, samples
of points in time, and samples of price reporters.Furthermore, we
have seen that these extremely numerous bits and pieces of sample
data are combined in a most complex manner in order to arrive at a
value of the CPI for a given month.
No individual can quarrel with the fact that a value of the CPI
depends in some way on the particular samples from which the index
data are obtained.It must therefore follow that a possibly different
value of the index would result if a different sample were used at an
stage in the process, and that it would be desirable to be able to attac
a measure of sampling variability to a particular value of the index.
Once this general area of agreement is reached, however, many diverse
views have been expressed concerning the sampling variability of
price indexes.
Many of the writers who have dealt with the problems of index
number construction have assumed,. either explicitly or implicitly,
that "good" data are available.They have then simply not concerned
themselves with the problem of attaching a measure of sampling
variability to a computed value of the index.. Thus Stone (3, p. 118)
does not directly discuss problems of sampling but does say the fol-
lowing:
The quality of index-numbers must depend to a large ex-
tent on the quality of the statistical data available, empirical
information about product heterogeneity and the factors
with which it is associated, and a skillful use of resources
in making the innumerable adjustments and approximations
that arise in practice.
When the expressed views of individuals who have been intimately
associated with the actual production of index numbers are examined,
we find a recognition of the need for "good" sampling and "large"
samples, but, at the same time, a feeling of doubt that one can or
should measure the sampling precision of an index number. Their
arguments run somewhat as follows: The fixed market basket concept
underlying the Laspeyres index formula is impossible to realize
completely in the market place because some items disappear between
two pomts m time, new items are continually introduced, into the206 STATISTICS
stock of existing items, and many of the items that are nominally
available at both points in time have changed in quality and are thus,
in reality, different items. The combined effect of these factors (in-
cluding the manner in which one chooses to deal with them) is so
large that it overwhelms the sampling effects. The conclusion drawn
from this line of reasoning is that it is impossible and/or unnecessary
to discuss the sampling precision of an index number. Some typical
comments along these lines are von Hofsten's (1,p.42):
It may thus seem as if the important thing would be to
select the items to be priced in such a way as to guarantee a
good sample.(Footnote: This point of view is stressed by
(1951).He does not, however, consider the re-
inainrng problems which will be discussed presently.)One
finds in practice, however, that the selection of items in cur-
rent price index series is based on common sense and not on
proper sampling methods. A consideration of the remaining
problems, which will be undertaken presently, will show that
this is no serious drawback. Moreover2 the use of sampling
would be expensive, as it would require complete lists of
commodities.
There is also another sampling problem involved here,
viz, the selection of retail outlets where the prices shall be
collected.In a large city only a few shops may be visited
and the price of a single article may vary considerably from
shop to shop, or, at least, from district to district. Although
the difference in price change may not be so important, the
selection of retail outlets will have a certain influence on the
index. To be satisfactory the price collection should be based
on an efficient sample of retail outlets. The construction of
such a sample cannot be too difficult.
Jaffepp.10—12) says:
Statisticians who ask how well the CPI measures the price
movements of the wage-earner's basket of purchases often
have in mind the precision of the index in terms of its
sampling error.I must regretfully assure them that while
we believe the CPI provides a measurement of price change
sufficiently accurate for practical uses, we are unable to sup-
ply a statistical measure of its precision.Before going on
with the reasons for this, I would like to state further that
I don't consider this lack terribly important.The idio-
syncracies of the price data are far more significant in deter-
mining the character and accuracy of a price index.I am
afraid that a measure of sampling error that ignored the
problems of price measurement and comparison would, by
giving the wrong impression of accuracy, defeat its own
purpose.
Since the probability sampling is so generally accepted as
desirable, its honoring in the breach calls for some explana-
tion.Given unlimited resources it would probably be possi-
ble to establish probability sampling procedures for all com-
ponents of the Consumer Index.However, because of
the wide scope of the index, the diversity of elements thatPRICE STATISTICS 207
must be sampled, and the complexity of the marketing situa-
tions in which prices must be gathered, there is no practical
probability sampling approach that can be applied with
present resources.This does not mean that we at the Bureau
ignore the statistical principles of sampling. They are ap-
plied to the extent that is practical and are always held forth
as guides to our day-to-day sampling decisions.
In sharp contrast to these views, a number of authors have implied
or stated that it is possible to take existing sampling theory—as is
set forth, for example, by Hansen, Hurwitz, and Madow (14) or by
Cochran (15) —and a Laspeyres-type
index, particularly with reference to the sampling of commodities.
Thus, Mudgett (7, p. 51) says:
The sampling error of index numbers arises from the fact
that calculations are based on a set of n commodities found
in the two periods of the comparison and this set is used to
represent the whole list of N common commodities. * S *
The index based on n, however, is an estimate. * * * In the
usual statistical sense it is a variable, and, therefore, for all
possible samples of n that could be taken from N there is a
frequency distribution of these errors. We need only a knowl-
edge of some of the properties of this distribution in order to
gain needed insight into the accuracy of any determination
of This knowledge is readily available from modern
statistical theory. *4' *
Mudgett does not apply these ideas to the actual computation of
sampling errors for index numbers, nor does he cite instances where
others have performed such computations. A somewhat similar but
more detailed, account of this 'view has been given by Banerjee ?16),
who states:
Whereas it was necessary to construct the True Index in
the precise estimation of CLI, and whereas, instead, Las-
peyres' formula is being used at the cost of precision, it would,
at least, only be reasonable to make sure that Laspeyres' In-
dex be precisely calculated.This aspect of precision does
not appear to have been paid the attention it deserves, so
much so that it sometimes causes an embarrassment when
different organizations, while calculating the CLI ?or the
same area and the same economic stratum of population,
come out with different figures for the same index.Differ-
ence in the figures for the same index could have been appre-
ciated if the coverage (the sample, or the way the sample is
selected) and the error of estimation were made available.
In absence of such information, controversies arise causing
difficulties at administrative levels.With a view to system-
atizing the study, the concept of standard error in index num-
ber calculation was introduced in an earlier note (Banerjee,
1956a) where it was shown that it would be possible to cal-
culate the standard error for an estimated CLI under certain
assumptions.
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Asomewhat more extreme view of the sampling of commodities
for index construction has recently been set forth by Adelman (17).
Sheessentially espouses the approach given by Mudgett and Banerjee,
but suggests the use of a more or less continually changing probability
sample of items.To some extent at least, this approach is advocated
as a solution to the dilemma of a continually changing universe of
commodities. An appropriate quotation from the Adelman article
is t,he following (17,p.240) :
The construction of an index number is normally associated
with the selection, on an a nonbasis,of the sample of corn-
inodities which is to be utilized in the evaluation of the index.
The use of such a judgment sample precludes the determina-
tion of the extent to which an observed difference in two
indexes can l)e ascribed to sampling errors, rather than to
real causes.This defect is extremely important., since index
numbers are generally employed for intertemporal, interre-
gional, or intersectoral comparisons, where differences are
often quite small, and their significance correspondingly un-
certain.Furthermore, the use of all arbitrary fixed sample
permits neither changes in product quality nor the introduc-
tion or disappearance of consumer products readily to be
incorporated into the standard type of index. Any attempt
to take such effects into account must of necessity impair the
continuity of the index through time.
At present, the author knows of no method in use which
will allow the realistic evaluation of the statistical errors as-
sociated with an index number.In view of the practical
significance of this problem, it is suggested in this paper that
the items used in the computation of an index be chosen in a
statistical manner. The'use of a probabilistic sample would,
in principle at least, remove all the above mentioned de-
ficiences inherent in the normal method of sample selection.
And, while the proposed procedure would not solve the prob-
1cm of appropriate weighting, it would have the further ad-
vantage of being in conformity with the modern statistical
trend towards the replacement of judgment samples by prob-
ability samples.
As a conclusion to this brief and purposive selection of views on
the sampling variability of index numbers, we observe that the ap-
pearance of the Banerjee and Adelman papers led. von Hofsten. (18,
p.403) to reply in the following words:
My conclusion from the above arguments is that there is no
such thing as a statistical precision for a price index.At-
tempts to define the index in a statistical way, applying
modern theory of sampling, only demonstrate that there is
no satisfactory solution available. We may, therefore2 just
as well keep to the old practice and define the price mdcx
in an operational way and abstain from giving standard
errors.This, of course, does not exclude the usefulness of
the chain index solution or of basing the selection
of items on probability sampling and making analyses of the
precision of price measurements.PRICESTATISTICS 209
The preceding views seem to offer three mutually exclusive choices
for treating the sampling variability of a price index, namely:
(1) ignore it, (2) determine it by a more or less direct application of
existing sampling theory, or (3) modify the definition of the price
index so that existing theory will apply. If any one of these choices
could be in its entirety, then it would simply be a case of
carefully setting forth the full consequences of the choice.lJnfor-
tunately, there would appear to be elements that cannot be ignored rn
each of the views, and the real situation can be described only in
composite terms. An attempt will now be made to present such a com-
posite view.
V. ThE SAMPUNG
It is clear that the feelings of doubt that have been expressed con-
cerning the possibility and desirability of attemptmg to measure the
sampling precision of an index number arise primarily from diffi-
culties encountered in maintaining a fixed market basket of goods
and services when the universe of commodities available to the con-
sumer is continually The accepted approach to this prob-
lem by the producers of index numbers as discussed, for example,
by von Hofsten (1)andStone (8, pp. has been to maintain
the fixed market basket as nearly as possible, but to make a variety
of adjustments for the disappearance of old items, for the changing
quality of continuing items, and. for the appearance of new items.
Adelman (17),asindicated in the previous citation, not oniy ques-
tions this method of constructing an index number but also states
that it is impossible to attach a measure of sampling precision to an
index so determined.Finally, von Hofsten (18)seemsto accept
Adelman's statement about the impossibility of computing sampling
precision, but is unwilling to accept her solution of a continually
changing sample of commodities.
It is not the purpose of this report to argue the meaningfulness of
the Adelman approach to index number construction, or to justify or
criticize the techniques that are being used to adapt a Laspeyres-type
index to situations where there is a continually changing universe
of commodities. Rather, we shall argue that it is quite reasonable to
talk about the sampling precision of an index determined by the latter
method, provided (1) that a very general view of samplingprecision,
similar to that described by Stephan and McCarthy (19,Chap.10),
is (2) that sampling theory is not asked to take over a task
of which it is incapable, namely that of specifying the form of a
"true" index, and (3) that one does not always expect to measure this
precision by the application of more or less standard formulas from
the theory of sampling. Furthermore, we shall argue that it is neces-
sary to talk about and measure the sampling precision of such an
index.
For present purposes, assume that a price index of Laspeyres' type
is to be computed under circumstances (e.g., for an individual con-
suiner or for a single city) where sampling variability arises only
from the fact that a sample of items is selected at time zero.That
is, base year weights (or other appropriate weights) are known with-
out error; base year prices for specified-in-detail commodities are
known without error; and given year prices are known withouterror210 PRICE STATISTICS
for any specified-in-detail item. Furthermore, we ask that there exist
a well-defined set of procedures for making adjustments for quality
change, and for introducing new items into the index. In other words,
we require that these procedures be set forth in such detail that any
two individuals or organizations who start with the same sample of
commodities at time zero and who independently follow these pro-
cedures through successive time intervals will arrive at time t with
indexes that are identical in all respects—items, weights, price rela-
tives, and value of the index.It may well be that it is impossible to
devise a set of procedures that will uniquely determine the entire
process of index number construction, but comments on this aspect
of the problem will be deferred until later.
At this point, it is assumed that some well-defined sampling proce-
dure will be used to select a sample of specified-in-detail items from
the universe of such items as it exists at time zero.If complete gen-
erality is desired, then the only requirement is that this sampling
procedure be so specified that repeated and independent applications
of the procedure can be made. For example, one might think of a
population of teams of experts in consumer price index construction.
If each of a number of teams independently chose a sample of items on
the basis of their expert judgment, subject possibly to some general
set of instructions relating to such sample features as Size form of
stratification, and the like, then this would conform to the present
requirements.Actually, there are strong arguments for using some
form of probability sampling at this stage in order to obtain a "good"
sample of items and this matter will be discussed later.(The sugges-
tions of Adelman (.17)andBanerjee (16) are therefore pertinent.)
Suppose now that one thinks of drawing an indefinitely large number
of independent samples in accordance with the defined sampling pro-
cedure, and of following each of these samples of items through to
time t as specified by the quality and new item adjustment procedure.
The values of the index, say k2t),k3",... ,thatresult from
these and successive independent applications of the sampling proce-
dure will undoubtedly differ among themselves, and will define the
sampling distribution of the index with respect to the sampling of
items.The variance ofthis distribution, if it were known,
would provide a perfectly acceptable measure of sampling precision
for the index.Furthermore, it is quite clear that an estimate of
V(k(t))can actually be obtained in this situation by the simple ex-
pedient of drawing two or more independent samples of commodities,
following each of them through time in accordance with the defined
adjustment procedures, and computing the variance among the result-
ing estimates.Such estimates of variance will, of course, be very
"poor" (i.e., their values will be subject to a large amount of sampling
variability) if they are based on only a small number of repetitions,
but one may perhaps justifiably argue that a "poor" estimate of
sampling variability is better than no estimate.
From the foregoing discussion, where it has been assumed that the
quality and new itemadjustment procedure gives a unique index
result for any given sample of commodities, we see that the existence
of a continually changing universe of commodities is in itself no rea-
son for arguing that one can neither define nor estimate a measure ofGO YE PRICE STATISTICS 211
sampling precision to associate with the index.However, this meas-
ure of sampling precision is obviously defined about the mean of the
sampling distribution of E(t), namely E(R(t)).This is consistent
with ordinary sampling theory usage. Thus, Cochran (15,p. 10) says:
"Accuracy usually refers to the size of deviations from the true mean
whereasprecision refers to the size of deviations from the mean
obtained by repeated application of the sampling procedure."If the
"true" value of the index at time t is denoted by where
would be obtained by applying the quality and new item adjustment
procedures to the complete universes of commodities as they exist at
times 0, 1, 2, —,t,then the difference isthe bias of
the estimate arising from the sampling and estimation procedures.
If the selection were based on expert judgment, then such bias might
arise because all the experts might consciously or unconsciously elixn-
mate from the selection process items having a different form of
price behavior from those items that were considered for selection.
This would be not unlike the bias of "self-selection" that was of vital
concern in the evaluation of the Kinsey investigation (20).
As a final point, we note that one usually questions the procedures
that are used to adjust for quality and to introduce new items into
the index and therefore views Rp(t) as only an approximation to a
trueindexsay Thus the overall bias in the estimate Ru") is
composed of two parts: which arises from the
sampling and estimation procedures and which arises
from the quality and new item adjustment procedure.(Of course,
representsa Laspeyres-type index computed from all commodi-
ties in accordance with "perfect" quality and new item adjustment pro-
cedures.This might still differ from the index that is really de-
sired, but this problem will not be considered here.)
On the basis of the foregoing description, the total error in a single
estimate, say Re"), can be written as:
—Br")] = _E(Rp(t))] + _Bp(t)]+
—(t)]
The first term on the right represents the error or variability which
arises from the use of sampling, and the sampling precision of an
index refers oniy to the magnitude of this error.The second. term
represents the bias arising from the sampling and estimation pro-
cedures, and the third term represents the bias that arises through
the use of imperfect quality and new item adjustment procedures.
It would appear that at least some of the differences in opinion
that have already been cited can be traced to a failure to distinguish
carefully among these three components of error and, in particular,
to distinguish between the first and third components.All writers
agree that it is unlikely that anyone will ever be able to devise a
"perfect" set of rules for treating quality changes and for introducing
new items into the index.In other words, the exact value of the
quantity _RT(t)) is unknown and will remain so, although
it is to be expected that a continuing program of basic research would
lead to improved sets of procedures that would reduce the magnitude
of this difference. as argued earlier, these facts in no way lead212 GOVEBNMENT STATISI!ICS
oneto the conclusion that it is impossible to estimate the value of the
first component, namely Neither do they lead to the
conclusion that it is unnecessary to estimate the value of this compo-
iient, and some observations will now be set forth in relation to this
aspect of the problem.
Clearly the designer of a procedure for constructing an index
number of prices is making some sort of judgment about the magni-
tude of the possible errors due to the sampling of commodities when
he states, as von Hofsten does (.7, p. 74) that "...theinterpretation
of the price development for the different items constitutes a problem
which is of much greater numerical importance than the selection
and the weighting of the items."This conclusion of von Hofsten's
was based upon an investigation in which he used two different pro-
cedures to determine price relatives (between December 1946 and
December 1949) for 189 of the 236 items that made up the Swedish
cost-of-living index at that time.Items that appeared in the index
for only a portion of this period were not included in the investiga-
tion.Furthermore, items falling into the two groups "rent" and
"fuel and light" were treated as in the official computations and the
indexes for these two groups were weighted with results obtained
from the 189 experimental items by the two experimental procedures,
say P1 and P2. Von Hofsten obtained an index value by P1 of 109.2
and an index value by P2 of 106.6, a difference of 2.6 mdcx points.
This difference was due mainly to differences arising in the clothing
group. However, we are not here concerned with the reasons for such
differences but only with their magnitudes. An examination of the
price relatives used in this investigation appears to substantiate von
Hofsten's previously quoted general conclusion, but it is also of
interest to attempt to obtain an actual numerical estimate of the
possible error due to the sampling of commodities.
The 189 price relatives used by von Hofsten, together with their
base weights, were classified into four major groups—food, clothing,
shoes, and miscellaneous items.Let us regard these four major
groups as four strata where the individual price relatives are de-
noted by i being the stratum subscript and jbeingthe item sub-
script within a stratum.Then the variance among price relatives
within the i-th stratum is given by
whereisthe base weight for the ij-th item and
='
I
Thevalues of R. are given in von Hofsten's book, but it has been
necessary to compute the values of the Theresults are given in
Table 1.
For present purposes, let us imagine that we are in a somewhat more
ideal situation than was outlined in the beginning of this section.PRICE STATXSTICS 213
1.—Variances of Price Relatives for 189Itemsin the Swedish
(Jo8t-of-IAving
IRelativesare forDecember 1949 on December1946 asbase]








































The relatives used for these computations are glvcn In Tables 4.1, 4.2, 4.3, and 4.4of(1) under the
heading "Index Figure Actually Used."
bNotgiven in (I).
That is, the data of Table 1—and the data of von Hofsten from which
they are derived—will be regarded as the complete population of price
relatives from which samples are to be drawn. With reference to the
model for the components of error, is unknown but we
will accept von Hofsten's conjecture that =2.6 places an
upper bound on this error. It is quite likely that the actual vajue of the
error is smaller than 2.6.Furthermore, we will assume a sampling
model is used such that E(Rp(t) is known to be zero and such
that the value of —E(R")) can be estimated. A reasonable form
for such a model, Adelman (17), would appear to be:
1. From within the i-th item group or stratum, a sample ofrela-
fives are drawn with replacement and with probability proportionate




where &andare as previously defined.
2. If the individual strata indexes are now combined in accordance





Applying this variance formula to the data of Table 1, we obtain
=.63
This result can be viewed as a crude approximation to the first com-
ponent of error in the model for components of error since
It is obviously only a crude approximation to the first component of
error for a wide variety of reasons, among which are the following:
1. We have assumed a fixed population of items for which the vari-
ance among price relatives, for a three-year period, could be com-
puted. The effects on sampling precision of the procedures used by
von Hofsten in following through the quality changes of the items are
certainly mirrored to some extent in the computed value. However,
there would be no way of knowing whether this type of analysis
catches the full effects of a complex quality and new item adjustment
procedure without actually following through with independent sam-
pies of items as outlined previously.
2. The sampling model which has here been applied to the data was
almost certainly not used in the original selection of items for the
Swedish Cost-of-Living Index.Nevertheless, this would appear to
be a reasonable type of model if one were going to obtain a sample
on a probability basis.
.3. The strata used in the present computations are mu'ch larger
than would be found in practice, and thus the observed value of .63
is too large. As a matter of fact, referencesand 11 would seem to
indicate that a stratum would often be defined in terms of a single
specified item and would be composed of different qualities of this
item, i.e., different specified-in-detail items.If we assume 200 strata
of equal weight, with a single item to be drawn out of each stratum,
and a within-stratum variance of 20 (somewhat low as far as Table 1





It should not be too difficult to obtain actual variance estimates to
employ in such crude computations as this.For example, Adelman
(17, Table 2) reports some variances computed within rather narrow
food groups on the basis of data gathered in several food stores in the
Berkeley, California area.(Her time period between quotations was
14 weeks while we are here dealing with a period of three years, and
the variance will, of course, be a function of time.)Also, Staff Paper
No. 2 reports some research based on Sears catalogues. Some illustra-
tive variances were computed among three-year price relatives for
men's cotton work shirts, using only items that were identical for thePRICE STATISTICS 215
three-yearperiod. One set of 10 items (1950—52) gave a variance of
33; another set of 12 (1953—55) gave a value of 15; and a third set of
15 (1956—58) gave a value of 15. These values, and those of Adelman,
do not appear out of line with the value of 20 that was inserted in the
preceding computation.
4. The sampling of items has been viewed here as occurring with
replacement. Under certain circumstances it might be appropriate
to regard it as occurring without replacement, and the effect of this
be to make the value of .63 too large.This distinction would
disappear if items were stratified to the point where only a single
specified-in-detail item were drawn out of each stratum, assuming,
of course, that there was more than one specified-in-detail item in
each stratum.
5. Taking the population of items as given, it has been necessary to
leave out some sources of variation since no data were given for the
"rent" and "fuel and light" strata.This would make the observed
value of .63 too small.
6. The relatives reported by von Hofsten represent averages over
cities and localities and over outlets within cities and localities. This
would make the observed value of .63, as it refers to the sampling
of commodities, too large.
Putting together all of these bits and pieces of information, it seems
reasonable to guess that the variance due to the sampling of corn-
mothti.es of the Swedish Cost-of-Living Index as described by von
Hofsten is something of the order of .1 to .6.The actual value is apt
to be near the lower end of this range since most of the stated reserva-
tions appear to place the observed value of .63 on the high side. For
present purposes, let us assume that V =.2.This means that
the standard deviation of wouldbe approximately .5 and that a
large sample, 95 percent confidence interval for wouldhave total
width of about 2.
The foregoing estimates of .2 for and 2.6 for
where t in this instance represents a period of three years, can be re-
garded as nothing more than crude approximations to the true values.
Nevertheless, if they are fully recognized as such, it is instructive to
examine their relative order of magnitude. For example, it is cus-
tomary to measure the total error of an estimate by its Mean Square
Error, which isdefinedas the sum of itsvariance and the






The magnitude of the 21! SE is almost completely determined by the
procedural differences and this confirms von Hofsten's previously cited
observation.
But this result does not lead to the conclusion that the sampling
precision of the index can be ignored. If it is assumed that the main
goal of index number construction is to measure accurately the value216 PRICE STATISTICS
of as opposed possibly to the measurement of time-to-time
changes in RT(t) (which will be discussed shortly) or to the production
of indexes for subgroups of commodities2 then this result strongly
suggests that too great a fraction of available resources is being spent
on maintaining a relatively large sample of commodities and toosmall
a fraction on basic research aimed at reducing the magnitudeof
For example, if the sample sizes given in Table
1 were each reduced by a factor of about two-tlurds—-69 foods to 23,
23 clothing items to 8, 13 shoe items to 4, and 84 miscellaneous items
to 28—then V(Rp(t)) would be increased from .63 to 1.89. Reducing
1.89 by a factor of one-half for the reasons given previously, we might





The procedural error still dominates the accounting for 87
percent of its value, even though the sample of commodities has been
reduced by almost two-thirds.
Naturally, it would always be possible to reduce the sample size
to a point where the variance of wouldbecome much larger
than the procedural error.however, the practical problem is deter-
mining an economic balance between sampling precision and pro-
cedural error and then allocating resources so as to reduce the mag-
nitude of the one which dominates.This can only be accomplished
if "decent" estimates of and of are avail-
able.In this respect, there would appear to have been too much effort
placed on expanding the number of specified items included in index
computations (the usual procedure being to include all specified
items which have more than some minimum base weight) and too
little effort placed on estimating the variability of price relatives,
say among specified-in-detail items within a specified item, and on
estimating the value of _RT(t).Such investigations can and
should be carried out and published, at least for the benefit of the
scientific community.
As a final point in this discussion of and _RT(t), it
should be emphasized that both of these quantities are functions of
time.Since all relatives are equa.l to 100 at t=0, will be
extremely small for values of t close to zero.Furthermore, as t in-
creases there will be opportunity for the relatives of different items
to "spread apart" and thus ordinarily one would expect
to be an increasing function of time. will also be very
close to zero for values of t close to zero since there will not need
to be many quality adjustments in a short period of time. However,
the manner in which this procedural error changes with time is not
as easy to forecast as for Under most circumstances one
would expect procedural "bias" to increase with time, but this is an-
other problem that needs investigation.
Thus far emphasis has been placed on the estimation of R7(t) by
means of Theproblem becomes slightly different if the goalGOVERNMENT PRICE STATTSTICS 217
istoestimateshort-term changesinRT(t), saytoestimate
RTU) Suppose that is employed as an esti-
mate of this quantity.Then, using the model for the error in
and still assuming no bias in the sampling and estimation procedure,
we have for the error of this estimate:
—[Re"—"—E(R"—'O] +
It seems reasonable that if the time between t and t-1 is short, say, of
the order of a month, then the difference between the last two terms
will be extremely small. That is, the procedural error will not change
much from month to month. Thus
—[RIP _1)] )] —
Therefore the error in Ep(t) will be due almost entirely to
sampling error and the standard formula for the variance of a differ-
ence gives:
— 1))= )+ -1))— )
-1))
where pisthe correlation betweent) and t-1)•Underthese cir-
cumstances it would seem absolutely essential to have an estimate of
sampling precision for the difference of and since it is not
even possible to argue that this sampling precision is overshadowed by
the procedural error.
An estimate of V whent is equal to three years, has already
been obtained.The value of V(Rp(t) for a month-to-
month change, can therefore be estimated if an appropriate approxi-
mation to p can be found.It is possible to obtain a very crude esti-
mate of p from data published by the Bureau of Labor Statistics (21)
through the following line of reasoning:
1. us view as an unweighted average of a random sample
of price relatives.
2. Then isthe unweighted average of price relatives for
exactlijthe same sampleof items for the preceding month.
3. The correlation between the means of two variables, each variable
being measured on exactly the same random sample of elements, is
the same as the correlation between the values of the variables for the
individual elements in the population from which the samples are
drawn.
4. Therefore the correlation between and canbe ap-
proximated by the correlation between the price relatives for a sample
of items in month (t—1) and month t.218 GOVELRNMENPPRICESTATISTICS
5. It 'seemed unnecessary, at the level of approximation being dis-
cussed here, to go to the individual item price relatives and thus we
have computed month-to-month correlations using the United States
city average subgroup index for the following 20 subgroups: cereals
and bakery products; meats, poultry, and fish; dairy products; fruits
and vegetables; other foods at home; rent; gas and electricity; solid
fuels and fuel oil; house furnishings; household operation; men's and
boys' apparel; women's and girls' apparel; footwear; other apparel;
private transportation; public transportation; medical care; personal
care; reading and recreation; and other goods and services.These
monthly indexes (with 1947-49 as base) are published in von Hof-
sten's Tables B—2 and B—3 (18), and the values of the correlation
coefficients are given in Table 2 below.These correlations are un-
doubtedly overestimates of the true p's because of the use of group-
ing and also possibly because of the imputation process used when
individual items are not priced each month in each city.





January 1947—February 1.9 0. 958
January 1948—February 1948 .799
January 1950—February 1950 .983
June 1950—July 1950 .983
January 1953—February 1953 .992
January 1958—February 1958 .998
Original data are given in is, TaMes B—2 and B—3.
Itwill be noted from an examination of this table thatp is also a
function of time. The smallest value occurs in the middle of the base
period—i.e., the lowest value occurs for the comparison January
1948—February 1948 while the base period is 1947-49—andpincreases
as one moves from this base period. The reason is quite simple. As
one moves from the base period, individual price relatives spread out
in terms of magnitude. month-to-month changes for the same
specified-in-detail item are small.Therefore the greater the disper-
sion in price relatives, the greater will be the value of the correlation
coefficient.
Returning now to the numerical example, let us consider t to be
about three years.Then 0.2, 0.2, pU)0.98,
and =0.2+0.2—2(0.98)V0.2X0.2=0.008. Thus the
standard error of the estimate of the difference is or
approximately 0.1.Since a month-to-month change in the U.S. Con-
sumer Price Index of 0.1 or 0.2 of a percentage point is ordinarily
regarded as of some practical significance, at least by the newspapers
and by parties to collective bargaining agreements, a standard error
of 0.1 is not particularly small in this context.It would, therefore,
seem important to have better estimates of the standard error of such
changes than have been produced by the rough methods being used
here.
Still leaving aside any discussion of interregional or intersubgroup
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tothe conclusion that it is absolutely essential to have a measure of
sampling precision relating to the sampling of commodities. As out-
lined in Section II the U.S. Consumer Price Iiiclex involves not
only the samplingcommodities but also the sampling of cities and
the sampling of retail outlets within cities.(Other indexes, such as
those prepared by the Agricultural Marketing Service, do not have
the BLS emphasis on cities but the same problems arise in other
ways.)Just as there must be a balance between the procedural error
of the index and the error due to the sampling of commodities, so
also must there be a balance between these errors and the errors due
to the sampling of cities and of retail outlets. Again it is not possible
to discuss such a balancing operation unless some attempt is made to
measure these components of error.
The next section of this report will present some computations
which suggest that the variance of the U.S. Consumer Price Index,
due to the sampling of cities and retail outlets, and for a month some
three years after the base period, is something of the order of 0.01.
Thus we have, using previous estimates:
Procedural bias squared 6. 76
Variance due to sampling of commodities .20
Variance due to sampling of cities and retail outlets .01
These results suggest that not only is the sampling error due to the
sampling of commodities overshadowed by the procedural bias, but
that this sampling error in turn completely dominates the sampling
error arising from the sampling of cities and of retail outlets. The
efficient allocation of resources, as far as the overall U.S. Consumer
Price Index is concerned, would therefore call for a reduction in the
size of city sample and size of retail outlet sample and the assignment
of these resources to work on the procedural error.But again this
cannot be done unless "decent" estimates of error are available.
The preceding discussion of the sampling of commodities for a con-
sumer price index, where the index is constructed on the basis of a
fixed market basket of goods and services, has set forth the argument
that it is possible and necessary to define and estimate the sampling
precision of. an index determined on such a basis. In concluding this
discussion, we should like to mention a few points which have been
touched on lightly or omitted entirely.
1. The relationship between the sampling of commodities and the
adjustment procedures for quality change and new items has been dis-
cussed in extremely general terms.Under these circumstances 'the
only satisfactory approach to the measurement of sampling precision
would appear to be through the use of two or more independent
samples of commodities.However, if these adjustment procedures
are defined in a somewhat more restrictive fashion, then it should be
possible to apply standard sampling theory more or less directly to
the problem. For example, suppose that one starts out at time zero
with a population of N items, where the i-th item has weight Fur-
thermore, let us suppose that this list of items and their associated
weights remains unchanged throughout the period for which the
index is to be constructed. The price relative for a particular item at
time t, willreflect quality changes in the original item, or may
even take into account the fact that the original item has disappeared
from the market and that a new item has been substituted for it.220 STATISTICS
(The only types of situations which are excluded are those in which
an original item disappears without a direct substitute appearing, and
those in which a new item appears which is not a direct substitute for
a previous item.) Then any probability mechanism used at time zero
to select a sample of commodities can also be viewed as having selected
a sample from the population of price relatives as it exists at
time t.Standard sampling theory can thus be used to determine the
precision of the estimate made at time t.The estimates of sampling
precision obtained at different times are of course correlated since
they are based on the same sample of commodities, but this is another
problem.
2. One of the terms in the components of error model has essen-
tially been ignored in the preceding discussion, namely the term
This is the bias arising from the sampling and
estimation procedure. There is no satisfactory way of estimating the
magnitude of this component from empirical data derived from re-
peated applications of a single nonprobability model sampling proce.-
dure, although conceivably it could be as large as, or larger than, the
proced'ural error if the judgment approach used in the selection of
specified-in-detail items were badly at fault.The only real way of
controlling this error is to use some form of probability sampling in
the original selection of items for the index, whether or not estimates
of sampling precision are to be obtained by independent samples or
through the use of the probability model, or to estimate the magni-
tude of the error througth experimental studies.
3. It has been assumed that the quality change and new item adjust-
ment procedure, designated by P, can be set forth in such detail that.
any two individuals or organizations who start with the same sample
of commodities at time zero and who independently follow these pro-
cedures through successive time intervals will arrive at time t with
indexes that are identical in all respects.In actual practice, it is
probably impossible to achieve this uniqueness.There will always
be cases where borderline decisions are required which could some-
times go one way and sometimes another. The effeot of this lack of
uniqueness would be to add still another component of random error
to the model used in this section, and the only way to evaluate the
magnitude of such an error would be through some type of empirical
investigation.It could even happen that one might wish to build
certain elements of randomness into the rules of procedure. For ex-
ample, if it were impossible or too costly 'to decide among, say, three
alternative ways of treating a certain quality adjustment problem,
then one might choose to use each procedure one-third of the time.
The choice on any particular occasion would be made on the basis of
some random device.
4. As a final point, we emphasize a gain that the discussion has been
directed at the error in an overall index.If one is concerned with
city, or regional, or subgroup indexes, or with comparisons amon
such indexes, then it is still necessary that one define, study, an
measure the components of error for each such index.However, it
may be that requirements on accuracy at this level produce, as a by-
product, greater accuracy than is actually needed at the level of the
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VI. ESTIMATES OF SAMPLING ERROR ARISING FROM TIlE SAMPLING OF
CITIES AND RETAIL OUTLETS FOR THE U.S. PRICE INDEX
As was noted in Section II, the sampling of commodities is only
one of the many sampling problems which mustbe faced in index
number construction. In particular, it is necessary to select a sample
of localities in which current prices are to be collected and, within
these, a sample of retail outlets from which these prices will actually
be obtained. In the case of the U.S. Consumer Price Index, localities
are synonomous with cities, but the same problems exist whetherthe
emphasis is on cities, on counties, or on some other type of local umt.
The error in the final index will be partially determined by the man-
ner in which these sampling problems are resolved. All of the reasons
• set forth in the preceding section concerning the necessity for measur-
the error arising from each of the several sources apply equally
here, and we shall now describe an empirical invest.igation con-
cerning the combined sampling error in the 'U.S.ConsumerPrice
Indexto the sampling of cities 'and retail outlets.
In recent years the U.S. Consumer Price Index has been based
upon a national sample of 46 cities.(Reference 8, pp. 70—71,lists
these 46 cities. Complete pricing in one of these cities, Ravenna, Ohio,
was discontinued in 1956.)The Bureau of Labor Statistics made
available to the Price Review Committee monthly indexes (for all
items and for a number of subgroups) for each of these cities for the
period 1953—59 with 1953 equal to 100.These city indexes were re-
ported only for those months in which the full list of goods and serv-
ices was priced in a given city: Thus all-item indexes were available
each month for the twelve cities in the largest size class, every third
month for the eighteen cities in the next two size classes, and either
every fourth month or every third month (1957—59) for the fifteen
cities in the smallest size class.These are the basic data that will be
used in this section.
The present sample of 46 cities was selected as a preliminary to the
1950 Consumer Expenditures Survey Cities were first strati-
fied into four size groups.All cities in the largest size group were
drawn into the sample, while the samples in each of the other three
size groups were selected by apphcation of a so-called Latin square
design. No formal analysis of this sampling design has been pub-
lished by the Bureau and no attempt will be made here to develop such
an analysis.Rather, we shall, as an approximation, view the sample
as the result of a much more straightforward type of design, namely,
as the result of selecting a single city with probability proportion-
ate to size from each of 34 strata, the 12 largest cities being
representing.
Before actually presenting the design and results of the present
empirical investigation, it is of interest to examine briefly the formal
properties of the sampling design just mentioned since they illuminate
some of the results that have already been given in SectIon III and
serve as a guide to the estimation procedure.Suppose one has a
population of N cities which are divided into L strata where the lt-th
stratum contains Nh cities.For the i-th city in the h-th stratum, let222 GOVEBNTMENTPRICE STATISflCS
(t) be the city index at time t,2 be the fraction of the
populationcontained in this city. Thus
LN,,
h=1i=1
Letbe the cost or value of this city's market basket of goods and
services in the base period.





This is the same as
LN,,E of market basket in city M at time t)
i=1
LN,,
(cost of market basket in city hi at time 0)
h=1 i==i
or, essentially the ratio of the cost of all market baskets at time t to
the cost of all market baskets at time 0.







but the above expression cannot be used for the estimation of R(t)since
the strata weights will not be known.That is the value of will
be known oniy for those cities that are actually drawn into the sample.
What must be done is to estimate separately the numerator and de-
nominator of the original expression for R(t).
With the foregoing stratification setup, the most reasonable ap-
proach would appear to be to selectcities with probability propor-
tionate to size, i.e., and with replacement from the li-th stratum.
*InSection III the subscripts following R(S) Identified Items and groups of Items.In
this section It will not be necessary to indicate Indexes for items and groups of items and











wherethe subscript hi now represents the single city drawn from the
h-th stratum.This is the form of estimate that was given at the end
of Section III, where the quantity
IL/N,
\j=1I./ h=1\J=1/
wassymbolized by These quantities are evidently the "relative
cost-population weights Dec. 1952" given in Table 1 of BLS Bulletin
No. 1168(8).
Let us now take these observed city or stratum weights as approxi-
mations to the true stratum weights. That is
IN,.\ N,.
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where,as before, the subscript i represents the one particular city in
the h-th stratum that was drawn into the sample.Finally,
L
4=1
Inorder to estimate this quantity it is necessary to obtain estimates of
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The varianceof asan estimate of Rh"' for a-fixed sample of
commodities, depends upon the variability among indexes for cities in
the li-th stratum and upon the sampling precision of the estimates of
the average prices for commodities within cities, i.e., upon the within-
city samples of retail outlets.Since the design under discussion
assumes that only a single city is drawn from each stratum, it is
impossible to obtain a direct estimate of this within-stratum variance.
However, an overestimate of this variance can be obtained by the
method of "collapsed strata," as described by Cochran (16pp.
105—106), Hansen, Hurwitz, and Madow (14, pp. 399-401S, or
Sukhatme (p3, pp. 339-404). Roughly speaking, one takes two strata
which are as nearly alike as possible, "collapses" these two into a single
stratum, estimates the variance in this stratum from the two observa-
tions, and then uses this variance estimate for each of the two original
strata.
The foregoing procedure was applied to the 46 cities for which
BLS supplied monthly indexes. Nothing could be done about the
largest cities that were drawn into the sample with certainty, but the
remaining cities were paired within size classes as nearly as possible
by geographic closeness.These pairings are given in Table 3, to-
gether with the values of W'h. Many of these pairings are of necessity
far from ideal, but the effect of this should be to inflate further the
variance estimates.Note that the 46th city, Ravenna, Ohio is also
included in this table.Even though monthly all-item indexes were
not provided for this city, it can be treated just like the other "un-
paired" cities as far as its weight is concerned.
TinLE 3.—Pairing8 of (Jitie8 foi• the Empirical Variance (Jomputation8
Paireci Citie8 Vaiue8 of
Size Class B:
Kansas City, Mo., and Minneapolis, Minn 0.024, 0. 025
Portland, Oreg., and Seattle, Wash .024,.027
Houston, Tex., and Atlanta, Ga .024,.021
Cincinnati, Ohio, and Youngstown, Ohio .022,.021
Scranton, Pa. (unpaired) .021
Size Class 0:
Canton, Ohio, and Charleston, W. Va .020,.024
Lynchburg, Va., and Huntington, W. Va .022,.019
Evansville, md., and Middletown, Coun .020,.025
Madison, Wis., and Newark, Ohio .023,.019
San Jose, Calif. (unpaired)
Size Class D:
Grand Forks, N. Dak., and Rawlins, Wyo .011,.012
Madill, Okla., and Shawnee, Okia .010,.011
Camden, Ark., and Grand Island, Nebr .009,.011
Garrett, md., and Laconla, N.H .013,.010
Anna, Ill., and Shenandoah, Iowa .010,.011
Glendale, Arlz., and LOU, Calif .012,.015
Middlesboro, Ky., and Pulaski, Va .008,.010
Sandpoint, Idaho (unpaired) .010
Ravenna, Ohio (unpaired) .012OOVERNME,NT PRICESTATISTICS 225
Fora particular pair of cities and for a month in which the all-item
index is available in each city, the foregoing procedure leads to the
following estimate of variance for each of the strata from which the
cities were drawn
1* -
where is the index for the first city of the pair and isthe
index for the second city.This assumes that the strata are of the
same "size."This is not quite the case here, but no attempt was made
to use a more precise form of estimate since the present way of viewing
the sampling procedure is only a very rough approximation to the true
situation and since Pisknown to be an overestimate of the true vari-
ance, even if all the proper assumptions did hold. As an example of
the application of this formula, in January 1958 (with 1953 =100)the





It should be clearly recognized that this estimate of the within-stratum
variance includes not only the effect of the sampling of cities but also
the effect of the sampling of retail outlets within the cities.It does
not include any appreciable effect due to the sampling of conirnodities
since essentially the same sample of commodities is used in each of
the cities.
Two difficulties were encountered in applying this procedure to the
cited data.First, because the quarterly pricing cycle was not the same
for all cities, it was sometimes necessary to use the index for one city
in a pair with the other city's index for either the preceding or suc-
ceeding month.This would have a tendency to inflate the variances.
Second, no computations could be made for the unpaired cities.in
this instance, the average of the variance estimates obtained from pairs
of cities in the same size class was arbitrarily assigned to these
unpaired cities.
The outlined computations were performed for each of either three
or four months in the years 1953—59, and the resulting between-two-
cities estimates of variance were combined in accordance with the
formula
The values obtained are given in Table 4.These values are the
contribution to the variance of I￿(t) of the 34 cities in the B, C, and D
size class strata, representing some 58 percent of the total strata
weight.The remaining 42 percent is allocated among the 12 cities in226 GOVERNMENTPRICE STAPI&IWS
the largest size class.Since these cities are self-representing, their
contribution to the variance is only in terms of the within-city vari-
ance and it is not possible to estimate this with the paired-city
approach.
4.—Between-Two-CitiesE8timate of the Variance of Ignoring the
Within-City Coribution from the Twelve Cities in the Largest Size Ciau
(1953=100)
Month: v(R9) Month—Continued V(°)
January 1953__ 0.0018 January 1957 0.0086
April .0004 AprIl .0076
.0011 July — . 0054
January 1954 .0015 October — . 0106
April .0012 January 1958_____ .0143
October .0037 April .0214
January 1955...._ .0038 July — . 0140
April -. 0107 October -. . 0157
October .0038 January 1959... .0192
January 1956_..... — April .0249
April — . 0079 July — . 0255
July .0034 October — —
October .0084
As has already been noted, there are a number of factors which
tend to make these values overestimates of the true variances, and a
single major factor (neglect of the within-city component of variance
for the 12 largest cities) which tends to make them underestimates.
For present purposes we shall simply regard these as counteracting
effects and take the computed values as being roughly of the correct
order of magnitude.It should be noted that these estimates are them-
selves subject to large and unknown sampling fluctuations.
There are two features of these data which stand out.First, there
is a definite tendency for the values to increase over time and this is
to be expected.The price relatives for all items in all cities essentially
start out at 100 in the base period and there are increasing opportuni-
ties for them to spread out as the time period under study deviates
from the base period.This effect was mentioned in connection with
the sampling of commodities, but illustrative data were not presented
at that point.Second, the actual magnitudes of these variances are
small, particularly in comparison with the estimates given in the last
section for the procedural error and for the sampling error due to the
sampling of commodities. This comparison was made in Section V
and its implications for the U.S. Consumer Price Index were discussed
at that point.(The value of 0.01 used for the variance due to
sampling of cities and retail outlets was obtained by rounding up the
variance figures given in Table 4 for 1956, some three years after the
base period.)
The analyses of this section have been carried out with two goals
in mind. The first was simply that of obtaining a crude estimate of
sampling error due to the sampling of cities and the sampling of
retail outlets within cities7 which could then be compared with and
added to the estimates obtained in the preceding section for procedural
error and for the sampling error arising from the sampling of com-
modities.The second goal was that of indicating an approach to
the sampling of cities that would lead to a relatively easy way of
estimating sampling variability, recognizing, of course, that the orig-PRICE STATISTICS 227
inal sample of cities was not selected in accortlance with this scheme.
These analyses could have been extended to subgroups of commodities
in the U.S. Consumer Price Index (e.g., food), but such extensions
were deemed outside the purview of this investigation.Although
further comments concerning choice of a city sample will be found in
the next section, we should like to close this discussion with the ob-
servation that the selection of the city sample should be in accordance
with some form of probability model in order that no systematic error
or bias enter the all-item all-city index from this source.
VII. THE Rouon OUTLINES OF A SAMPLE DESIGN FOR ESTIMATING
THE TOTAL SAMPLING ERROR OP THE U.S. PRICE INDEX
The analysis of the preceding section had many shortcomings,
among which were: (1) the original sample of cities was not selected
in accordance with the design that dictated the analysis; (2) the
estimate of error contained no component for the sampling of retail
outlets within the twelve strata of self-representing cities; and (3)
the estimate of error contained no component for the sampling of
commodities.Nevertheless, this analysis did provide an indication
of the magnitude of the error due to the sampling of cities and to
the sampling of retail outlets and it did illustrate the type of design
that might be expected to lead to "simple" estimation of the total
sampling error.The necessity for designing a complex sampling
operation so that "simple" estimates of error can be obtained has long
been recognized and has been discussed by many authors (e.g., 14,p.
440,and17,pp.220—229) under such titles as "replicated
"ultimate clusters," and "random groups." This need becomes over-
whelming in the case of a price index where the numbercomniodi-
ties entering the index is large and where the quality adjustment
procedure makes it difficult to apply variance estimating procedures.
derived from sampling theory to all components of the design. Fur-
thermore, these estimates have to be made more or less continuously
since the sampling errors can be expected to increase with the length
of time from the base period. Some of the considerations that might
apply in this instance will now be outlined.
Since the present emphasis of the Consumer Price Index is on a
city sample approach (and some comments on this will be made in
the next section), cities will be regarded as the ultimate clusters and
the discussion will be built around this city sample. The most ap-
propriate type of design would appear to be that outlined in the
preceding section where the cities are first grouped into strata—prob-
ably on the basis of size and geographic location and possibly on the
basis of additional variables—and then one or more cities are drawn
with probability proportionate to size and with replacement from
those strata containing more than one city. We are not here con-
cerned with the details of this operation, but do assume the follow-
ing: (1) that the relationships between city indexes and strata indexes
and between strata indexes and the U.S. index are clearly specified
in formal terms, and (2) that a probability model be used to select
cities within strata which is consistent with the specified form of
index, which provides unbiased or "nearly" unbiased estimates of the
stratum and U.S. indexes, and which permits a within-strata estimate228 GOVERNMENT PRICESTATISPICS
ofvariance either by the drawing of two or more cities within each
Strata or through the use of collapsed strata.
As wasemphasizedin the preceding section, this type of approach
provides no contribution to the variance estimate from the samplin
of commodities if the same sample of commodities is used in eac
sample city.It would seem therefore that it is absolutely imperative
that the index be based upon at least two—and this is probably also
the maximum number that would be considered—independently se-
lected samples of commodities. These two samples would be selected
at the time of index revision and, in accordance with present practice,
would be followed through time with the best possible quality and new
item adjustment procedures.The manner in which these samples
would be chosen would be a matter for technical investigation, but
we might make the following general observations:
1. The fact that two samples are to be selected does not mean
that each must be equal in size to the desired overall sample. Rather
one would probably make each of them one-half the size of the desired
overall sample. Thus a total sample of some 300 commodities would
be drawn as two independent samples, each consisting of some 150
items.
2. As was argued in Section V, one would attempt insofar as possible
to draw these samples in accordance with known probability models.
This would probably mean that items would be highly stratified, most
likely into 150 strata, and that two independent drawings would be
made in each stratum with proportionate to weights pro-
vided by the Consumer Expenditure Surveys, and with replacement.
The strata could, of course, be defined by making use of every available
bit of information about substitutability similarity of price move-
ments, and the like, and the suggestions offered by Adelman (17) and
Banerjee (16) should be thoroughly studied in making these selec-
tions from within strata.The very least that one might expect is
that two groups operating in a completely independent fashion each
choose a sample of 150 items from the defined strata.
3. As a final point we observe that these two samples would un-
doubtedily have items in common. In particular, if some strata were
defined to have only a single specified-in-detail item, then this item
would of necessity be in both samples. We shall henceforth refer to
these two commodity samples asand C2.
Now consider the two cities, say A and B, which are drawn out of a
single stratum or out of the two strata which are to be collapsed into
a smgle stratum for variance computations. There is nothing in the
present procedure of combining city indexes into the U.S. index which
necessitates having the same sample of commodities in each city. Let
us therefore assign sampleto A and sample CT2 to B and thus obtain
esUimates of these two city indexes, say and RBW, in the ordinary
manner. Then an estimate of the within-stratum variance which is
based upon a comparison of and will be influenced not only
by the sampling of cities and the sampling of retail outlets within
cities but also by the sampling of commodities, and this influence will
remain when one combines variance estimates across strata.
It is assumed that the sample of retail outlets in a city is chosen in
accordance with a known probability model. There appears to be no
reason why this cannot be done, and the mere fact that such a sampleGOVERNMENT PRICE STATISTICS 229
maybe small is no reason for not using an appropriate probability
model approach. This is the only way that one can guarantee an un-
biased estimate of average prices or of average price relatives for
a city.
This "half sample" approach does provide an overall estimate of
the within-stratum variance, including a contribution for the sampling
of commodities. It does not, however, permit one to estimate the com-
ponents Of this variance. If it is to use both of com-
modities in each city—and this will have to be recommended for the
self-representing cities in the sample,—then it should be possible to
separate these components. For example, consider a stratum made up
of an extremely large number of cities of equal weight from which
two, say A and B, are selected. In each city an index estimate is pre-
pared using commodity sampleand a separate estimate using 02,
where an independent sample of retail outlets is used for each of the










A particular index, say can now be viewed as
where is the true stratum index, is an effect due to thispar-
ticular sample of commodities, 8A(t) is an effect due to city A, and
isthe effect due to a particular sample of retail outlets.This
is essentially an analysis of variance, random effects model, for a
two-way classification without interaction.Therefore one can easily
estimate from the data not onlythevariance of the stratum sample
index, but also g02,whichis the variance due to the sampling of com-
modities, 0.82,whichis the variance due to the sampling of cities, and
whichis the variance due to the sampling of retail outlets within
cities.It would appear that the integration of some such simple
design features as this into the ongoing operations of the Consumer
Price Index would provide a large amount of data concerning the ac-
curacy of the index at relatively low cost.These estimates will
naturally be subject to a large amount of sampling variability, each
being based on only a single degree of freedom2 but it might be pos-
sible to combine them across strata or across time periods and thus
improve their reliability.
As a final point, we turn to those cities which are self-representing.
Estimates of sampling error can now be obtained only by replica-
tion within each of these cities.Thus suppose that indexes are ob-
tained from each of the two samples of commodities, C1 and C,,
where an independent sample of retail outlets is used for each sam-
Cl
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pieof commodities.Then a comparison of the two resulting in-
dexes, R1(t) and fi2(t), will provide an estimate of the variance of
the city index which would be the average of these two indexes. In
this instance it would not be possible to estimate the components of
variance due to the sampling of retail outlets.This could only be
accomplished by further replication, say by using at least two inde-
pendent samples of retail outlets for each of the two samples of
commodities.
The contents of this section have not been aimed at giving a detailed
program of sample design for the index.Rather, they have been
given as illustrations of the fact that it should be jossible to obtain
easily estimates of error and of the components of this error by appro-
priately choosing the various samples on which the index is based,
without increasing the size of any of these samples.
VIII. SOME FURThER SUGGESTIONS FOR
This report has taken the present form of the U.S. Consumer Price
Index more or less for granted and has then argued that it is both
possible and necessary to obtain and publish estimates of sampling
error for the various components of the sample design, as well as for
the overall U.S. index.Crude estimates of the various components
of error suggest that, as far as the level of the overall U.S. index
is concerned, too much effort is being expended on obtaining rela-
tively large samples of commodities, cities, and retail outlets and
too little effort on the evaluation of procedural error.Furthermore,
as between commodities and other sources of sampling error, too
much effort is devoted to the sampling of cities and the sampling of
retail outlets within cities.But definite conclusions on these matters
can come only from a program of research carried out parallel with,
and yet separate from, the actual day-to-day operations of index
construction.
Not only would one expect to obtain firm estimates of error from an
investigation of this kind, thus leading to better allocation of re-
sources among the components of the present design, but such an
investigation might also lead to recommendations for major changes
in the construction of the Consumer Price Index. Two areas which
seem worthy of special attention are the following:
1. Index numbers of the Laspeyres type have traditionally been
based upon a market basket of commodities which remains essentially
unchanged between major weight revisions, except for adjustments
which are made to account for the changing quality of items in the
market basket. As noted in Section IV, Adelman has advocated draw-
ing a completely new sample of commodities at fixed intervals, to-
gether with a chain approach for obtaining comparisions over longer
periods of time, but this approach seems unlikely to be adopted by
the producers of index numbers.It should, however, be possible to
effect a compromise between these two extremes and thus gain some
of the advantages of each. Thus one could set up a rotation schedule
so that each item remains in the index for some fixed period of time,
say, one, two, or three years, and so that a fixed fraction of the items
are replaced each month, quarter, or year by newly selected items.
This type of sampling has been successfully applied to situations
where the same population is sampled on successive occasions—Coch-GOVERNMENT PRICE STATISTICS 231
ran(15,pp.282—290) and Hansen, Hur'witz, and Madow (14, pp.
490—503)—and it might well be adaptable to commodity sampling for
index numbers. In particular, this would give "new" items (i.e., not
in existence at the time of the original selection) a chance to come into
the index without giving up all the features of a Laspeyres index, and
would also give "old" items a chance of being dropped before they
became entirely obsolete.
In attempting to adapt partial replacement to the sampling of com-
modities for an index nuthber, there are many problems and points to
be kept in mind. Among these are the following: If a population is
fixed and the goal is to estimate month-to-month changes, themi the
"best" procedure is to keep the same sample. However, if the goal is
to estimate the actual level, then the "best" procedure is usually to
replace some fraction of the sample. In the ease of index numbers,
the real goal i's probably a mixture of the two and a compromise would
be required. Replacement procedures would also depend upon cost
considerations and, in view of specification problems, it would prob-
ably always be more expensive to replace an item than it would be
to retain it. Furthermore, it might be necessary to make some changes
in the Laspeyres concept to take account of the fact that it would be
difficult to obtain base period prices and specifications for items
brought in some years after the base period.
2. The Consumer Price Index is basically city-oriented.That is,
indexes are computed for each city in the city sample, and these in-
dexes are weighted to obtain the U.S. index.This emphasis on city
indexes does not appear to be the most efficient way of obtaining the
U.S. index.If one views the index in terms of TJ.S. average weights
and average prices, then it is clear that quite a different sample should
be used, for example, to obtain a "good" estimate of the average price
of a newspaper than would be used to obtain a "good" estimate of the
average price of a used car or of a woman's coat.In other words,
the size of the "best" city sample for an item depends upon the cost
of obtaining a price quotation and upon the variability of the item's
price from city to city, and thus the size of the "best" city sample will
differ considerably from item to item.It is recognized that aggrega-
tion according to a Laspeyres index calls for price quotations to be
weighted in proportion to population and to value, and that a com-
plete set of value weights could not possibly be obtained for all cities
in which one would be able, for example, to collect newspaper prices.
This difficulty might be overcome, for example, by deriving the Con-
sumer Expenditure weights for the population of cities in a region
rather than for a number of individual cities in the region. An added
benefit of such a change in emphasis might well be that it would be-
come more feasible for the BLS to employ selected data. from other
sources in the index computations, e.g., from the Monthly Retail Trade
Report of the Bureau of the Census.
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